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第二章基于 β-消除 /迈克尔加成反应法（β-elimination/Michael addition 
reaction), 建立了针对蛋白质丝氨酸/苏氨酸磷酸化定量的稀土元素标记策略，首


















































Reversible phosphorylation of proteins participates in many life processes. Study 
of phosphorylated proteins has become a hot topic in life science, medicine and 
chemistry. Protein phosphorylation, especially tyrosine phosphorylation, regulates the 
occurrence and development of various diseases, such as breast cancer and male 
infertility. With the rapid development of sample enrichment technology and 
instruments, relative quantification of tyrosine phosphoproteins usually utilizes 
molecular mass spectrometry (MMS) under the aid of different isotopic signature 
peptides for the targeted phosphorylated proteins. However, along with the advance in 
life science, relative quantitative research has been difficult to meet the needs of life 
mechanism and medical diagnosis. Besides, isotope-labeled internal standard policy 
could achieve absolute quantification of protein phosphorylation, but synthesis of the 
isotopically labeled peptide standards is time-consuming and expensive. Moreover, it 
could not be applied to quantitatification of unknown protein. Therefore, there is an 
urgent need to develop a simple, fast and sensitive method for quantifying tyrosine 
phosphorylation absolutely. As a hard ionization source mass spectrometry, 
inductively coupled plasma mass spectrometry (ICP-MS) has many advantages, such 
as high sensitivity, low background, and identical signal response of the same element 
in different chemical species. ICP-MS thus becomes a choice for absolute 
quantification of phosphoproteins with only one isotopic element species via species 
unspecific isotope dilution (SUID) technique. In this thesis, we were stimulated by the 
feature of Ga and its binding chemistry to designed and synthesized a photocleavable 
Fe3O4@SiO2-COOH magnetic nanoparticle based Ga-tag (MNP-based Ga-tag) to 
integrate the labeling and enrichment of phosphoproteins and quantifying the tyrosine 
phosphorylation level (pY) when applying a specific protein-tyrosine phosphatase 1B 
(PTP-1B) using SUID ICP-MS. A series of synthetic phosphorylated peptide 
standards, human ERK1 (pT202/pY204) peptide as well as human breast cancer 
MCF-7 cell lines were used to demonstrate the application of the Gallium-tagging 
















In chapter one, background knowledge of (tyrosine) phosphorylated proteins 
were introduced, and the reported strategies for (tyrosine) phosphoprotein 
quantification are briefly reviewed. 
In chapter two, a Eu-tagging strategy towards phosphoserine/ phosphothreonine 
peptides was presented based on the β-elimination/Michael addition reaction. The 
model peptides were first labeled with MMA-DOTA-Eu and then quantified using 
HPLC/SUID-ICP-MS under the optimal conditions.  
In chapter three, we designed and synthesized a photocleavable dimetallic 
Ga(III)-dipicolylamine complex to conjugate targeted phosphopeptide and/or 
phosphoprotein through tight phosphate-ester bonds. It was linked to carboxylated 
magnetic nanoparticles via a photocleavable moiety (2-Nitrophenyl derivative) to 
realize labeling, enrichment and release of phosphoproteins and other possible 
phosphate-containing molecules/ions for absolute quantification of tyrosine 
phosphorylation. Utilizing protein tyrosine phosphatase-1B to dephosphorylate the 
phosphotyrosine, this photocleavable MNP-based Ga-tag was first validated using 
model phosphopeptides and human ERK1 (pT202/pY204) peptide as well as the 
human breast cancer cell lines (MCF-7). The results obtained confirmed the feasibility 
of labeling, enrichment and absolute quantification of proteins tyrosine 
phosphorylation upon the Gallium-tagging strategy.  
In Chapter 4, we concluded the advantage and disadvantage of our research 
works, and gave perspective view of the possible work in the future. 
 














第一章 前 言 
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由蛋白质激酶催化的，把 ATP 或 GTP-γ 位的磷酸基转移到底物蛋白质氨基
酸残基（酪氨酸、苏氨酸、丝氨酸等）上的过程即是蛋白质的可逆磷酸化（reversible 
phosphorylation），是生物体内一种普遍存在的调节方式，在细胞的信号转导等
方面起着重要作用。早在 1906 年，Alsberg 和 Levene 就首次在 vitellin 蛋白质中
发现了蛋白质的磷酸化[6]，并在将近 30 年后鉴定出这个蛋白质为磷酸化丝氨酸
蛋白[7]。1954 年，Burnett 等人首次提出蛋白质的磷酸化并不是随机发生的，而
是由酶控制催化的[8]。1979 年，Tony Hunter 等人发现蛋白质的磷酸化同样也可























Figure 1-1 proteins reversible phosphorylation. 




86. 4%和 11. 8%[14]。尽管还未探明，人们推测人类蛋白组中的磷酸化蛋白质可能
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